Abstract. The computer simulation of the structural material is required to study the stress-strain state of the structural material of the high-pressure hull (in particular, the heat accumulator body). Laboratory experiment requires significant financial expenses, which is a significant drawback of this type of study. Therefore, the authors considered finite element modeling of structural material by adapting modern software systems for calculating the considered models. A modern design solution for highpressure hulls of heat accumulators made of non-prestressed reinforced concrete involves the usage of heavy reinforcement cement as a structural material. The proposed method allows gaining rather certain calculations avoiding time-consuming laboratory research.
Introduction
The end parts of high-pressure hulls (HPH) from complex shape heavy reinforcement cement (HRC) have conical constrictions for the interface between the wall and the bottom (end parts) of the body according to the principle of "plug" [1] . With this kind of surface (conical), the direction of action of the forces and the direction of the arrangement of the reinforcing bars in the HRC do not coincide, i.e.oblique the reinforcement of HPH could be observed. The angle of inclination of reinforcing bars is the angle between the generatrix of the surface of the conical part of the HPH and the vertical [2] [3] [4] [5] .
Since the angle of inclination of the reinforcing bars affects the HRC of the bottoms -"plugs" [1] , it is necessary to consider the work of conical surfaces with different angle of inclination of the generating surface in order to estimate the stress-strain state (SSS) of the bottom of heavy concrete and the conical part of the HPH from the HRC itself, consequently defining the rational shape of this part [6] [7] [8] . Within the framework of this work, it was sufficient to study the work of the HC of the conical part of the HPH with the slopes of the reinforcing bars 45 Simulation of heavy reinforcement cement without cracks and with oblique reinforcement with biaxial SSS by computer-engineering methods was considered in [9] [10] [11] . The initial data of the «beam-wall» model are taken as follows ( Fig.1 
Materials and methods
A lamellar type of layer models («beam-wall») was used to simulate the deformation of the HRC with oblique reinforcement at an angle of 450. At an angle of inclination of the reinforcing bar, which differs from 450, the elementary plate (final element) of the concrete matrix must have a rectangular shape, or it is possible to use a rod model (with unit cell dimensions of 1 × 1 mm). In order to interface the reinforcement with concrete elements (rods) nodes within the cell must be inserted [12] . The characteristic features of the construction of rod models will be as follows [13] [14] [15] [16] . The external load is applied to the two mutually orthogonal sides of the model through absolutely rigid plate elements, which are connected to the model by means of flexible rods to avoid an uneven load distribution between the model elements. The hypothesis of flat sections and the appearance of transverse shear strains were fulfilled [17] [18] [19] . Rigid elements are given flexural rigidity 10 times greater than the rigidity of steel rods: Е=2·106 MPa; ν=3. Flexible rods that allow transverse deformations of the model have a length of 5 mm and have a circular crosssection of 1 mm2, as well as a large longitudinal stiffness EF=2000 kN (Е=2*106 MPa), and bending stiffness is EJy=0,00016 kN/m2. A numerical experiment (calculation) of «beam-wall» models made it possible to determine the relative elongations of the model in the X and Y directions and the normal stresses in the cross sections of the layer ( Table 1 ). The integral modulus of elasticity in any direction, indicated in Table 1 , was determined according to Hooke's law by Equation 1.
Comparing the obtained values of the integral elastic characteristics in the direction X for the HRC in biaxial SSS (Table 1) with the values for the HRC being in the uniaxial SSS [3] with equal percentages and the reinforcement properties of the layer, we should note the following:
1. The values of elasticity moduli under uniaxial SSS [3] and biaxial SSS in the X direction differ by 5 ... 8%, with EZ> EX; 2. Values of elastic characteristics according to Table. 1 .. 6%) than in the case of uniaxial SSS. With an increase in the external load, there comes a time when the limit values of either deformation or strength characteristics of the material appear in a number of concrete elements (rods). This is the moment of the onset of the elastoplastic stage of work (the work of the material with microcracks). Computer modeling of deformation of heavy armocement for the conical part of the heat accumulator body is considered in [4] . 
Results and discussions
The process of crack formation begins with the initiation of microcracks. The studied microcracks, as well as in case of coaxial reinforcement with biaxial VAT, should be located in the central part of the model, therefore only deformation pictures of the central part of the model are considered (Fig. 2) . As a factor of crack formation and growth of cracks, the force factor was considered. It realized when a number of concrete elements (rods) shows the limiting values of the strength characteristics of concrete.
The method of formation and growth of microcracks is used the same as the technique described in [5] . The following procedure for the formation of a microcrack is characteristic for rod HRC models and in the subsequent -a trunk crack. When a stress is greater in one of the concrete rods of the model than the resistance of the concrete to the stretching Rbt,ser (force factor) or when one of the concrete rods of the model has a relative deformation greater than the limiting εbtu (deformation factor), then this rod must be shortened by introduction of an additional node (Fig. 3) . crack opening -movement of an additional node in the Z direction with respect to the model node. It is necessary to include additional nodes by the same procedure, placing them on either side of the crack section (the original node) with increasing crack length. In addition, in this case, with additional concrete rods, it is necessary to connect the frame assemblies to the extreme additional nodes of the model. It is required to crush the concrete plate (the one in which either extreme deformations or stresses of large concrete resistances to tension are observed) for the artificial formation of a microcrack in the model of a layer of «beam-wall» type: the number of crushes in the Z direction is 200, and in the X-10. This operation allows creating an initial microcrack with the following dimensions: a = 0.005 mm, L = 0.3 mm (Fig. 3) . The further growth of cracks is carried out as follows. An increase in the width of crack opening occurs by removing horizontal plates of the subsystem obtained by crushing the plate, and increasing the length of the crack by removing the vertical plates of the subsystem. If the dimensions of the crack go beyond the dimensions of the plate (with a length of cracks in excess of 1 mm), then additional crushing of the adjacent concrete plates of the model is carried out in the direction of the development of the crack. When choosing the factor that influences the formation and growth of a crack, it should be noted that simultaneously with the appearance of extreme stresses, the concrete plate also receives extreme deformations, so here the microcrack formation factor can be selected. It is more convenient to take the force factor from technical motives. The curves for the dependence of the crack opening width on the external load (stresses) a-σ could be built to analyze the operation of models, as well as on the stresses in the а-σs, on the crack length from the external load L-σ, on the change in the integral deformation characteristic of the HRC from the external load Е-σ and a plot of the relative deformations versus normal stresses ε-σ.
MATEC Web of Conferences
Some features of the results of numerical model experiments should be pointed out. The formation of the first microcracks occurred in the central part of the model (Fig. 2) . Subsequent microcracks formed approximately diametrically opposite to the first microcracks. For example, the sequence of microcrack formation is shown on the characteristic fragment of the model scheme with the direction of the reinforcing bars at an angle of 450 (Fig. 2) .
The initial length of each crack in the «beam-wall» model was artificially set at 0.3 mm. then, because of the growth of the opening width of the microcrack «a», its length increased. The path of crack growth is shown in Fig. 2 . The number of trunk cracks at the final stage of cracking is indicated in the Table 2 . * -those microcracks that did not become trunk cracks. The growth of microcracks, which did not become trunk, practically did not occur (the average value of the opening width of such cracks was ≈0.01 mm, and lengths -≈2.25 mm).
The pitch of the main cracks at the final stage of the crack formation was observed to be stable (Table 3) . Estimating the results in Tables 2 and 3 , we can conclude that there is a tendency, as in the case of coaxial reinforcement: the larger the pitch of the reinforcing bars, the greater the step (the smaller the number) of cracks oriented perpendicular to the considered direction.
At the stage of operation of the material with trunk cracks, a simultaneous occurrence of a main crack is observed in two directions i and j simultaneously (Fig. 2) .
The formation of the trunk crack occurs due to normal separation, and its appearance at the initial stage of growth was in hairline character. It should be pointed out that the lines of the main cracks coincide in the first approximation with the main stress areas, which does not contradict the theory [6] . New trunk cracks have the same character of appearance as the first appeared. The limit of growth of the trunk crack will be the instant when the integral deformation module of the layer reaches the value Es·μ, where μ -the reinforcement coefficient. New trunk cracks have the same character of education as the first educated. The limit of growth of the main crack will be the instant when the integral deformation module of the layer reaches the value Es · μ, where μ is the reinforcement factor. From this moment, the influence of concrete (concrete matrix) on the rigidity of the layer is excluded and therefore only the reinforcement works in the normal section passing along the trunk crack. This moment occurs almost simultaneously at once in two directions X and Y. The subsequent work of the layer is connected with the achievement of stress in the reinforcement of the limiting values -the design resistance of the reinforcing steel to the stretching Rs [7] -this is the destruction of the layer. Achieved results could be applied in other fields of construction, such as hydraulic [20] [21] [22] [23] [24] and agricultural engineering [25] [26] [27] [28] [29] [30] [31] .
Summary
The study of structural material of the high-pressure hull requires the computer simulation of the applied structural material. The laboratory experiment is both time and resourceconsuming method, which is a significant disadvantage. The authors proposed finite element modeling of structural material by adapting modern software systems for calculating the considered models. The developed method of computer modeling of HRC allows to obtain the results of calculation (numerical experiment) having values close to the values obtained from the results of the laboratory experiment, but excluding the shortcomings of laboratory research. The proposed method could be applied in other engineering fields of knowledge, including the hydraulic engineering.
